Reconfigurable Control Design with Neural Network 
Augmentation for a Modified F-15 Aircraft 
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Lessons Learned 



0 

'55 

c 

o 

■ 

o .Si, 

3 ® 

” (0 

a. to 

3 ) 0 

s o 

® £ 
£ Li 

H 3 

Sr»+J 

0 

£ 

0 

E 

0 
+-< 

0 
*■> 

co 

£ 

0 

2 
o 

L. 

CL 


0 

> 


0 

£ 

0 


£ 

O 


Q- to 
0 E 

■D £ 
0 S 

8 ** 

| 3 

0 £ 

18 

0 ir 


0 

0 

£ 

■H 

o 

0 

0 

£ 

CO 

0 L. 
> 3 
'■3 0 
O £ 

A* 

.£ o 
O £ 
oa -2 
0 0 

75 = 
o 0 
CD > 
_ 0 
0 £ 

0 3) 
£ = 
0 LL 

CD • 


0 

3) 

0 

E 

0 

■3 

0 

O 

0 

° 6 

CO £ ■ 

0 CO >» 
3 Q. -q 

^ 5 0 0 

M- 0 £ 

° n o 
0 0 £ 
O > 0 

£ *•“ ® 
$ 0 0 

ff'S w 

1- ° O 

a >+- 

0 Jr to 

f- 0 0 

t: "3 o 

£ c c 

■-3 0 

■•-> .Q O 
= «- «- 
.£3 3 3 
0 O O 
> > > 

>00 
& 0 0 

S 0 0 

to 0 0 

_ L. L- 

^oo 

0 £ £ 
<0 — — 

0 . . 

0 

L. 

o 

£ 





Control Reconfiguration 









General Statements on Adaptive Controller 



Needs to Identify the Aerodynamics that have changed! (PID) 

• PID is Time Consuming and may not be correct. 

• Needs persistently exciting inputs. 



Model Reference Adaptive Control (MRAC) 
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Adaptation Law: Is used to adjust controller (H): can be NNs. 


Servomechanism Design Methodology 
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Servomechanism Design Methodology (cont.) 
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Servomechanism Design Methodology (cont.) 
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Why Neural Networks? 
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means activation function 
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Control Reconfiguration Results 






Neural Networks 




Failure = Right Stab 8. deg at 10 seconds with & without NN 
Failure goes away at 30 seconds / Pilot Input is Roll doublets 
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Failure = Right Stab 8. deg at 10 seconds with & without NN 
Failure goes away at 30 seconds / Pilot Input is Roll doublets 
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Failure = Right Stab 8. deg at 10 seconds with & without NN 
Failure goes away at 30 seconds / Pilot Input is Roll doublets 
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Control Reconfiguration Results 





Failure = Right Stab 8. deg at 10 seconds with & without NN 
Failure goes away at 30 seconds / Pilot Input is Roll doublets 
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NN with 
Dead-Zones & 
Slower Learning 
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Failure = Right Stab 8. deg at 10 seconds with & without NN 
Failure goes away at 30 seconds / Pilot Input is Roll doublets 
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Failure = Right Stab 8. deg at 10 seconds with & without NN 
Failure goes away at 30 seconds / Pilot Input is Roll doublets 
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Control Reconfiguration Conclusions 



